In this paper, computational analysis of a full-scale solar hot water storage tank during discharging process is considered. The tank is equipped with four different inlets to improve thermal stratification inside the tank particularly at high water draw-off flow rates. The analysis involves the transient temperature distributions, the flow characteristics and the thermal stratification evolution. The proposed model was validated with experimental data obtained from the literature. Examinations of the vortices interactions and the accompanying temperature contours indicate that thermal gradient and flow mixing are the main factors that affects the stratification efficiency. Results show that the novel proposed inlet forms are able to preserve thermal stratification during dynamic mode.
INTRODUCTION
Keeping thermal solar storage tanks well stratified has a positive impact on the thermal performance of a solar heating system. A high degree of thermal stratification in the storage tank increases the thermal performance of the solar heating system. The storage of heat in such systems is necessary; in fact, solar radiation is naturally irregular. Many parameters can affect the degree of stratification in a storage tank, such as the stored volume, tank shape, size, and the flow inlet/outlet location. [1] [2] [3] [4] .
In the open literature, there exist several models of solar energy storage tanks to control the flow inside the tank during both charge and discharge process. [5] [6] . The design must support thermal stratification by avoiding the destruction of the stratified thermocline, which is related directly to the mixing phenomena. Recently, Bonanos and Votyakov [7] pointed out that the tank height and the ability of the filler material to make the tank well isolated are the most impacting factors on the thermocline thickness. Erdemir and Altuntop [8] investigated how obstacles may affect thermal stratification of a vertical hot water tank. It is seen that fixing the obstacle inside the inner tank can improve the thermal stratification. The optimal obstacle location appears to be between 200 mm and 300 mm far from the tank bottom. In recent decades, the growth of computing capabilities has allowed the development of a new branch of aerodynamics called the Computational Fluid Dynamics (CFD). This tool is used to develop and test new technologies, while avoiding the constraints of time and finance that is required in the experimental tests.
Several studies have been performed by using CFD tools [9] [10] [11] [12] [13] [14] [15] .
The effects of operating and geometrical parameters on the performance was the principle axis of research in these works. Yang et al. [16] , have investigated new tanks shapes to enhance thermal stratification characteristics within a static hot water storage tank. They found that tanks having sharp corners provide the highest degree of thermal stratification, where the tank without corners has the lowest one; this is attributed to the fact that corners represent static regions where the heat loss of the fluid in such region is less than that of the classical horizontal surfaces.
In the present work, the inlet form effect on the stratification performance for thermal energy storage tanks is proposed. A 2D unsteady CFD model has been developed and validated. Figure. 1. depicts a schema of the tested tank. The inlet and outlet ports are set respectively at the bottom and top surfaces of the tank. The tank has a flat plate located at a height of h with diameter D. The water tank dimensions are respectively D= 0.2m, Lr = 0.8m e=0.04 .The inlet flow is blocked firstly by obstacles having different forms to reduce the flow jet that produce the mixing process. The hot water outlet is fixed at the tank top, which ensures a maximum outlet temperature.
PROBLEM DESCRIPTION

METHOD
Boundary and initial condition
The tank is initially occupied by water. The velocity inlet boundary condition is applied at the flow inlet, and the outlet condition is fixed to be a pressure outlet boundary condition. The tank walls are considered as adiabatic walls, which mean that the condition of zero heat flux is applied at the walls surfaces. 
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Fluid physical property
The tank is occupied by water where its physical properties appears as functions of the temperature.
The following correlations give respectively the water density, dynamic viscosity, thermal conductivity and specific heat capacity:
Density [17] = ( ) is calculated as: [18] ( ) = −1.908 × 10 −3 + 7.318 × 10
where the temperature is in kelvin The inlet temperature is equal to 293k°; the water physical properties are symmetrized in 
Governing equations and assumptions
The problem is governed by the continuity equation, the momentum equation and the energy equation. The equations are written in Cartesian coordinates as given below.
The momentum equation
The energy equation
where
The flow regime is considered as turbulent regime since the present Reynolds number is equal to Re = 4595 which is higher than Re = 4000, the flow inside the storage tank is typically turbulent (Lavan and Thompson 1977; Castell et al. 2010). To examine the flow behavior inside the tank, the ANSYS-fluent package provides a variety of turbulence models. Typically, the k-ε model has two-transport equation for the turbulent kinetic energy (k) and for the dissipation rate . This model permits to take into account the buoyancy effect by considering the full buoyancy option, which is not involved in other models such as laminar model. In this investigation, the standard -turbulence is employed for the analysis of the flow behavior and the tank thermal stratification. The mesh dependence test ( Figure.2 (b) ) show that a grid of 120 × 240 cell is able to predict accurately the flow field temperature.
RESULTS
Solver validation
As a standard step, the employed solver including the mesh and the numerical method should be validated relative to the existing literature. The work of Zachà r et al. (2003) is chosen as a reference for the validation step. Simulations were executed with inlet and initial temperatures of 20 and 41°C, respectively for flow rate of 1.6 l/min. Temperature along a given line in the tank at time of 1500 s is used to compare the present results with experimental results. As shown in Figure. To understand the mechanism of energy storage and the effect of the interactions between the inlet structure and the incoming flow on the storage tank performance, the present section provides general descriptions of the fluid structures interactions and the main vortices trajectories inside the tank drying time evolution.
For all cases, it is assumed that the cold water is injected from the bottom and it is loaded from the top outlet. The tank height and diameter are fixed to 800 mm and 400 mm respectively. The inlet and initial temperatures are 293°K and 314°K, respectively for flow rate of 15.6 l/min. In general, for all thermal storage tanks, buoyancy forces and mixing forces are the two forces that govern the fluid flow and thermal process. For the present high incoming flow mass rate of 15.6 L/min the Reynolds number is equal to 1.63 × 10 4 which means noticeable mixing forces are expected during the discharging process. As can be seen from Fig.3 the configuration (a) is a simple flat plate fixed at the tank bottom. For this case, the interaction between the incoming flow and the flat plate gives rise to a small vortex at t=100s. As time passes, typically, the flow begins to separate at the trailing edge of the obstacle forming another recirculation zone positioned above the first small vortex; this vortex grows rapidly with the continuous injections of cold water at the tank bottom.
The injections of cold water drops suddenly the temperature at the tank bottom forming three thermal layers: a cold-water layer, thermocline layer and a hot water layer. A thick warm water zone is observed at the bottom of the tank for the configuration (a). Between t =150s and t=350s the recirculation zone keeps growing and interacts with the tank sidewalls. For the configuration (b), it is seen that adding another plates above the first plate prevents the development of large recirculation zone, instead of that, it creates a jet flow by reducing the flow section of passage, three vortices are formed behind the tank sidewalls. This mechanism contributes to the enhancement of mixing process, which is interpreted as a drop in the draw-off temperature. For the configuration (c), small vortices occupies the tank first quarter between t=100s and t=350s however for the case (d) a single circulation zone is installed at the tank first quarter. For both configurations and in the second half of the tank, the streamlines are well oriented toward the tank outlet, which improves the thermocline thickness and therefore the draw-off temperature. Figure 5 illustrates the evolution of temperature over time for different configurations; in general, each curve has two inflection points, which represents the upper and lower contact points of the thermocline zone and the cold/hot water zones. At t=50s and 100s fort perturbations is recorded because the contact process between cold and hot water is still turbulent. This first stage is characterized by instable thermocline zone. From t=150s the mixing process and thermocline tend to be stable which reflect the stability in temperature curves. Figure.6 display a comparison between the temperature profiles for the proposed configurations at t =150s. It can be seen that the curves have different slopes, which means different thermocline thickness. The curves in the case (b) is shifted right which indicates that the tank is discharged faster in such configuration but with low draw-off temperature. Similar trend is observed for the two cases (c) and (d).
CONCLUSION
In this paper, the effects of inlet design on the thermal stratification and the performance of a hot water storage tank are considered. Numerical solutions based on a twodimensional (2D) unsteady Computational Fluid Dynamics (CFD) model were accomplished using the commercial software ANSYS-fluent. The comparison of the computation results with the available experimental data in the literature has showed a good agreement. The injections of cold water drops suddenly the temperature at the tank bottom forming three thermal layers: a cold-water layer, thermocline layer and a hot water layer. A thick warm water zone is observed at the bottom of the tank for the configuration (a). Between t =150s and t=350s the recirculation zone keeps growing and interacts with the tank sidewalls. It is seen that adding plates above the first plate prevents the development of large recirculation zone. In t=150 s addition, a weak mixing process can lead to a stable thermocline, which reflect a stability in temperature curves.
